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RESEARCH MEMORANDUM
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Bureau of Aeronautics, Department of the Navy

INTERIM REPORT ON FREE-SPINNING CHARACTERISTICS OF A

1/24-SCALE MODEL OF THE GRUMMAN F11F-1 ATRPLANE

TED NO. NACA AD 395

By James S. Bowman, Jr.
SUMMARY

An investigation is being conducted in the Langley 20-foot free-
spinning tunnel on a l/2h—scale model of the Grumman F11F-1 airplane to
determine spin and recovery characteristics and the minimum-size para-
chute required to satisfactorily terminate the spin in an emergency.
Results obtained to date are presented herein.

Test results indicate that it may be difficult to obtain an erect
or inverted spin on the airplane, but, if a spin is obtained, the spin
will be very oscillatory and recovery from the developed erect spin by
rudder reversal may not be possible. The lateral controls will have no
appreciable effect on recoveries from erect.spins. Recovery from the
inverted spin by merely neutralizing the rudder will be satisfactory.
After recoveries by rudder reversal and after recoveries from spins
without control movement (no spins), the model oftentimes rolled very
rapidly about the X-axis.

Based on limited preliminary tests made in this investigation to
make the model recover satisfactorily, it appears that canards near the
nose of the airplane or differentially operated horizontal tails may be
utilized to provide rapid recoveries.

The parachute test results indicate that an ll-foot-diameter (laid-
out-flat) parachute with a drag coefficient of 0.650 (based on the laid-
out-flat diameter) and with a towline length equal to the wing span is
the minimum-size parachute required to satisfactorily terminate an erect
or inverted spin in an emergency.
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INTRODUCTION

At the request of the Bureau of Aeronautics, Department of the Navy,
an investigation 1s being conducted in the Langley 20-foot free-spinning
tunnel on a 1/24-scale model to determine the spin and recovery charac-
teristics of the Grumman F1l1F-1 airplane.

The present report presents the test results obtained to date.
Tests have been made for the landing gross-weight loading for both erect
and inverted spins and the minimum-size parachute required to insure sat-
isfactory recovery in an emergency has been determined. The erect spin
tests were conducted for the normal center-of-gravity position (24 per-
cent ¢€) and for a rearward position of 29.9 percent &. The inverted
spin tests and the parachute tests were conducted only for the rearward
center-of-gravity position. Alternate recovery methods were tried and
are discussed briefly in the text.

An appendix is included which presents a general description of the
model testing technique, the precision with which model test results and
mass characteristics are determined, variations of model mass character-
istics occurring during tests, and a general comparison between model and
airplane results.

SYMBOLS
b wing span, ft
S wing area, sq ft
¢ mean aerodynamic chord, ft
x/E ratio of distance of center of gravity rearward of leading

edge of mean aerodynamic chord to mean aerodynamic chord

z/E ratio of distance between center of gravity and fuselage
reference line to mean aerodynamic chord (positive when
center of gravity is below line)

m mass of airplane, slugs

X’ Iy, IZ moments of inertia about X, Y, and Z Dbody axes,
respectively, slug—ft2
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Ix - Ly et
- = inertia yawing-moment parameter
mb>
Iy - I
—_ inertia rolling-moment parameter
b
Iz - Iy
inertia pitching-moment parameter
mb>
o air density, slugs/cu ft
7 relative density of airplane, —%E
p
o angle between fuselage reference line and vertical
(approximately equal to absolute value of angle
of attack at plane of symmetry), deg
¢ angle between span axis and horizontal, deg
v full-scale true rate of descent, ft/sec
Q full-scale angular velocity about spin axis, rps

MODEL AND TEST CONDITIONS

A 1/2h-scale model of the Grummen F11F-1 airplane was furnished by
the Bureau of Aeronautics, Department of the Navy, and was checked for
dimensional accuracy and prepared for testing by the Langley Laboratory
of the National Advisory Committee for Aeronautics. A three-view
draving of the model as tested is shown in figure 1.

Lateral control is obtained on the Fl1F-1 airplane by upper-surface
slotted spoilers (flaperons) instead of ailerons (fig. 1). The trim tabs
on the wing tips were not used for these tests and were set for zero
deflections throughout this investigation. The horizontal tail is an
all-movable type with elevators. However, the elevators operate only
when the flaps are down. The elevators were set for zero deflection for
all tests. The wing fences as shown in figure 1 were used only in pre-
liminary tests on the model and indicated no effect on the spin or recovery,
and inasmuch as the fences were subject to much damage during model testing,
they were removed from the model for the remainder of the tests. The
F1i1F-1 airplane also has wing leading-edge slats which have not as yet been
tested in the investigation. All tests were conducted with the model in
the clean condition.
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A photograph showing the model in th
c

is shown in figure 2. The dimensional

no
181 a
are presented in table T.

1 flying configuration
tics

e
har cterls ics of the airplane

The model was ballasted to obtain dynamic similarity to the air-
plane at an altitude of 25,000 feet (p = 0.001065 slug/cu ft). The mass
characteristics and inertia parameters for loadings possible on the air-
plane and for the loading tested on the model are indicated in table II.

The parachute tests were conducted with flat-type parachu made

Aials SlilR U WS LT il

of lov—por051ty material but which were made more stable by cuttlng
holes in the fauric to allow more air to flow through the canopy. (The
stability of parachutes is dependent upon the porosity of the material;
see ref. 1.). The parachute point of attachment was at the bottom rear
of the fuselage.

The maximum control deflections (measured perpendicular to the
hinge lines) used on the model during the tests were:

Rudder, deg . .« « ¢ ¢ & ¢ 4 ¢ o o o o = o o o o o o 25 right, 25 left
Flgperons, deg . . . v ¢« v o o o o o o o o o o o 55 up, O down
Horizontal tail, G€Z . « « « « ¢ & o o o o o o o & 18 up, 5 down

RESULTS AND DISCUSSION

The results of the model tests are presented in charts 1 through 3
and in table III. The model data are presented in terms of full-scale
values for the airplane at an altitude of 25,000 feet. All tests were
conducted with the model in the landing loading and for two center-of-
gravity positions. Tests conducted for the rearward center-of-gravity
position indicated that the model would spin similar to that of the
normal center of gravity except that the duration of the spin was longer.
For this reason, most of the test results were obtained for the rearward
center-of -gravity position. Spins to the right and left were similar,
and all test results are arbitrarily presented in terms of spins to the
pilot's right.

Erect Spins

The erect spin-test results are presented in charts 1 and 2 for the
normal center-of-gravity position of 24 percent mean aerodynamic chord
(Loading no. 1 in table II) and for a rearward center-of-gravity position
of 29.9 percent mean aerodynamic chord (loading no. 2 in table II),
respectively.
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The test results indicate that it may be difficult to obtain a
developed spin for this airplane, particularly for the normal center-of-
gravity (24 percent &) position. However, the test results indicate
that, should a spin occur, the spin will be very oscillatory in roll
and yaw and recovery by rudder reversal may not be possible. The model
was less prone to spin with the horizontal tail in the down position
(stick forward) than for the horizontal tail in the up position (stick
back) indicating that movement of the stick full forward after rudder
reversal may expedite recovery from any spin obtained. The positions
of the flaperons had very little or no effect on the erect spin and
offered no assistance in the spin recovery. These results are consis-
tent with those reported in reference 2.

The model was less prone to spin for the normal center of gravity
(24 percent &) than for the rearward center-of-gravity position of
29.9 percent mean aerodynamic chord. Based on these results, spins
should be more readily obtainable on the airplane for the rearward than
for the normal center-of-gravity position.

Research currently being conducted at Langley has given indications
that the use of properly placed extensible canard surfaces may be very
effective as an emergency recovery device for some designs. Accordingly,
brief tests were conducted on the current model utilizing surfaces shown
in figure 3. Preliminary test results indicate that extension of these
surfaces in conjunction with rudder reversal results in satisfactory
recoveries. '

Limited preliminary test results indicate that differentially oper-
ated horizontal tails may also provide rapid recoveries. Tests were made
with the horizontal tails differentially set with the spin (right hori-
zontal tail trailing edge up 40° and left trailing edge down L40° for
right spin) and the model entered a "no spin" after each launch indi-
cating that if the horizontal tail were moved in this manner, good
recoveries should be obtained.

Inverted Spins

The results of the inverted-spin tests with the center of gravity in
the rearward position are presented in chart 3. The results show that
the model had a greater tendency to spin with the flaperons with the spin
(stick left for spin to pilot's right) and the horizontal tail up with
respect to the ground (stick forward) than for any other control setting.
The recoveries by rudder neutralization from the criterion spin (flaperons
set one-third maximum deflection with the spin, the horizontal tail set to
two-thirds its full-up (relative to ground) deflection), were satisfactory.
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Parachute Tests

The results of the tests performed to determine the minimum-size
parachute required to insure satisfactory recovery in an emergency are
presented in table III for the rearward center-of-gravity position of
29.9 percent mean aerodynamic chord. The erect spin-test results indi-
cated that a 10-foot-diameter (laid-out-flat) parachute with a drag
coefficient of 0.585 (based on the 10-foot laid-out-flat diameter) is
the minimum size required to insure satisfactory recovery in an emergency
from an erect spin. However, the results obtained for the inverted spins
indicate that an 11-foot-diameter (laid-out-flat) parachute with a drag
coefficient of 0.650 (based on the laid-out-flat diameter) is needed to
insure satisfactory recovery from an inverted spin. Therefore, inasmuch
as a larger parachute is needed for the inverted spins, it is recommended
that an 11-foot-diameter parachute with a drag coefficient of 0.650 be
used for all spin demonstration tests. The towline length used for all
tests was equal to the wing span. The results indicated that the air-
plane will have a tendency to roll after the recovery as long as the
parachute is still attached to the airplane if the right or left flaperon
is deflected. It is recommended, therefore, that all control be put to
neutral during recovery by parachute action.

Landing Condition

Landing condition tests were not included in this investigation inas-
much as current Navy specifications require this type of airplane to demon-
strate satisfactory recoveries in the landing condition from only l-turn
spins. At the end of one turn, the airplane will still be in an incipient
spin from which recoveries are more readily obtained than from fully
developed spins.

An analysis of model tests to determine the effect of landing flaps
and landing gear (ref. 3) and the effect of leading-edge slats (ref. 4)
indicates that in the event a spin is entered in the landing condition,
the flaps and landing gear should be retracted and recovery attempted
immediately. If possible the leading-edge slats should be left in the
extended position.

Additional Remarks

The model exhibited a characteristic of rolling very rapidly about
the X-axis after the spin was terminated either by control movement or
without control movement (no spin). This rapid roll was obtained for
most control settings (even when lateral controls were neutral) and for
both center-of-gravity positions tested. The direction of roll was, in
every case, the opposite direction to the spin, i.e., the model rolled
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right from left spins and rolled left from right spins. The roll was
generally entered from high angles of attack and from an undamped oscil-
lation in roll. The rate of roll ranged from a high of approximately
0.5 rps to 0.3 rps (full scale).

CONCLUSIONS

Based on the results of tests of a 1/24k-scale model of the Grumman
F11F¥-1 airplane, the following conclusions regarding the spin and
recovery characteristics of the airplane at an altitude of 25,000 feet
are made:

1. Test results indicate that it may be difficult to obtain a
developed spin for this airplane, particularly for the normal center-
of -gravity position. The tendency to spin will be greater when the
center of gravity is in the most rearward position than when the center
of gravity is in the normal position. Any developed spin obtained will
be very oscillatory in roll and yaw.

2. The rudder will be ineffective in producing recovery from an
erect spin. The lateral controls will have no appreciable effect on the
erect spin and will be of no assistance in the spin recovery.

3. Recoveries from inverted spins even by merely neutrallzlng the
rudder will be satisfactory.

4. An 11l-foot-diameter (laid-out-flat) parachute with a drag coef-
ficent of 0.650 (based on the laid-out-flat diameter) is the minimum
size parachute required to insure satisfactory recovery from both erect
and inverted spins in an emergency.

5. Based on limited tests conducted in this investigation, the use
of canards near the nose of the airplane or the use of differentially
operated horizontal tails appear promising as a means of insuring sat-
isfactory recovery characteristics.
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esese 6. After recoveries by rudder reversal and after recoveries from
spins without control movement (no spins), the model oftentimes rolled

e L ]
*s %2 very rapidly about the X-axis.
5....:
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APPENDIX

TESTING TECHNIQUE AND MODEL PRECISION

Model Testing Technique

The operation of the Langley 20-foot free-spinning tummel is gen-
erally similar to that described in reference 5 for the Langley 15-foot
free-spinning tunnel except that the model-launching technique is
different. With the controls set in the desired position, a model is
launched by hand with rotation into the vertically rising air stream.
After a number of turns in the established spin, a recovery attempt is
made by moving one or more controls by means of a remote-control mech-
anism. After recovery, the model dives into a safety net. The tests
are photographed with a motion-picture camera. The spin data obtained
from these tests are then converted to corresponding full-scale values
by methods described in reference 5.

Spin-tunnel tests are usually performed to determine the spin and
recovery characteristics of a model for the normal spinning-control con-
figuration (elevator full up, lateral controls neutral, and rudder full
with the spin) and for various other lateral controls and elevator com-
binations including neutral and maximum settings of the surfaces.
Recovery is generally attempted by rapid full reversal of the rudder, by
rapid full reversal of both rudder and elevator, or by rapid full reversal
of the rudder simultaneously with moving ailerons to full with the spin.
The particular control manipulation required for recovery is generally
dependent on the mass and dimensional characteristics of the model
(refs. 6, 7, and 8). Tests are also performed to evaluate the possible
adverse effects on recovery of small deviations from the normal control
configuration for spinning. For these tests, the elevator is set at
either full up or two-thirds of its full-up deflection and the lateral
controls are set at one-third of full deflection in the direction con-
ducive to slower recoveries, which may be either against the spin (stick
left in a right spin) or with the spin depending primarily on the mass
characteristics of the particular model. Recovery is attempted by rap-
idly reversing the rudder from full with the spin to only two-thirds
against the spin, by simultaneous rudder reversal to two-thirds against
the spin, and movement of the elevator to either neutral or two-thirds
dowvn, or by simultaneous rudder reversal to two-thirds against the spin
and stick movement to two-thirds with the spin. This control configura-
tion and manipulation is referred to as the “criterion spin," with the
particular control settings and manipulation used being dependent on the
mass and dimensional characteristics of the model.

UNCLASSIFIED
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Turns for recovery are measured from the time the controls are
moved to the time the spin rotation ceases. Recovery characteristics of
s model are generally considered satisfactory if recovery attempted from
the criterion spin in any of the manners previously described is accom-

plished within 21 turns. This value has been selected on the basis of

N

full-scale-alrplane spin-recovery data that are available for comparison
with corresponding model test results.

Tor recovery attempts in which a model strikes the safety net while
it was still in a spin, the recovery is recorded as greater than the
number of turns from the time the controls were moved to the time the
model struck the net, as >3. A >%-turn recovery, however, does not nec-
essarily indicate an improvement over a >7-turn recovery. When a model
recovers without control movement (rudder held with the spin), the
results are recorded as "no spin." An o is used to indicate that the
model continued spinning for 10 or more turns after the controls were
moved. for recovery.

For spin-recovery parachute tests, the minimum-size tail parachute
required to effect recovery within 2% turns is determined. The para-
chute is opened for the recovery attempts by actuating the remote-control
mechanism and the rudder is held with the spin so that recovery is due to
the parachute action alone. The folded spin-recovery parachute is placed
on the model in such a position that it does not seriously influence the
established spin. A rubber band holds the packed parachute to the model
and when released allows the parachute to be blown free of the model. On
full.-.scale parachute installations it is desirable to mount the parachute
pack within the airplane structure, if possible, and it is recommended
that a mechanism be employed for positive ejection of the parachute.

Precision

Results determined in free-spinning tunnel tests are believed to be
true values given by models within the following limits:

o A = - 4
R 1Y o 1
Vy, percent . . o v v b i i i i e s e e e e e e e s e e e e e e 5
Qypercent . . . . . . 0 . o ot i s e s e e e e e e e e e e e e . E2
Turns for recovery obtained from motion-picture records e e e . t%
Turns for recovery obtained visually . . . . . .- . . t%



L3

(T XX]]
[ L]
es e

NACA RM SI55G20 SONEIRENGR 11

The preceding limits may be exceeded for certain spins in which it
is difficult to control the model in the tunnel because of the high rate
of descent or because of the wandering or oscillatory nature of the spin.

The accuracy of measuring the weight and mass distribution of models
is believed to be within the following limits:

Weight, percent . . . . e e e e e e e e e e e e e 1
Center-of-gravity locatlon, percent € ittt e e e e e e e e +1
Moments of inertia, percent . . . . . . ¢ 4 . o 4 0 4 e s e 4 . 5

Controls are set with an accuracy of *1°.

Variations in Model Mass Characteristics

Because it is impracticable to ballast models exactly and because of
inadvertent damage to models during tests, the measured weight and mass
distribution of the Grumman FllF-1 model varied from the true scaled-down
values within the following limits:

Weight, percent . . . . . . e e e e e e e s e e 1 to 2 high
Center-of-gravity locaticn, percent c . .. 1 to 2 rearward
Moments of inertia:
Iy, percent . . . . . . b h i i e e e e e e e e e s 5 to 7 high
Iy, percent . . . . . . . . . .00 1l to 2 high
Ig, PErCEnt « v & ¢ ¢ & « 4 4 4 e h e e e e 3 to 4 high

Comparison Between Model and Airplane Results

Comparison between model and full-scale results in reference 9 indi-
cated that model tests accurately predicted full-scale recovery charac-
teristics approximately 90 percent of the time and that for the remaining
10 percent of the time, the model results were of value in predicting
some of the details of the full-scale spins, such as motions in the
developed spin and proper recovery techniques. The airplanes generally
spun at an angle of attack closer to h5° than did the corresponding models.
The comparison presented in reference 9 also indicated that generally the
airplanes spun with the immer wing tilted more downward and with a greater
altitude loss per revolution than did the corresponding model, although
the higher rate of descent was found to be generally associated with the
smaller angle of attack regardless of whether it was for the model or the
airplane.
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF A 1/24-SCAIE

MODEL OF THE GRUMMAN F11F-1 ATRPLANE

Overall length, £t . . . . . . ¢« . « « ¢ ¢ ¢ ¢ o o o &

Wing:
Span, overall, ££ . . . . . . . . L . 000 d e e e e e
Span, folded, ft e e e e . e e e e .
Area, sq ft (exclu51ve of leadlng edge exten31on) o e e s .
Mean aerodynamic chord, in. . . e e e e e e e s
Location leading edge of ¢, fuselage statlon c e e e e e e

Airfoil section:

13

40.83

31.6%
27.33

250
98.38
248 .08

Root.......................NACA65AOO6Mod

Tip . . . e e e s s e e s
Sweepback at O 25 chord llne, deg e h e e e e e e e e e e .
Incidence, deg . . . . . e e e e e e e e e s e e e e e e
Dihedral, Geg . « + &+ &« v ¢« v v v v 4 vt e e e e e e e e
Aspect ratio e e e e e e s e e e e e e e e e e e e e e
Taper ratio . . ¢ ¢ & ¢ ¢ i 0 i b s e e e e e e e e e e e

Flaperons:
Area, sq ft . . . . . . e e e e e e e e e e .
Span (perpendicular to fuselage center
line), percent b/2 . . . . . e e e e e e e e

Trailing edge, percent wing chord e e e e e e e e e e e .
Hinge, percent wing chord . . . . . . . . . . . « ¢« ¢ o . .

Trimmers:
Area, sq ft . . . ¢ . . . o 00 000 L0000 ..
Location, wing station, in.
Root . . ¢ ¢ v i v i e sl e s e s e e e e e e e e e
o Ty
Hinge line, fuselage station, in. . . . . . . . . . « .+ .« .
Travel:
UP, GBZ ¢« & « o e « o « o 2 o a o o 4 o o o 2 o« o o « a @
Dovm, deg . . . v ¢ o i h e e e e e e e e e e e e

Leading-edge slats:
Location, wing station, in.
Inboard . . & ¢ v i bt e e e e e e e e e e e e e e e s
Qutboard . . . . . e e e e s e e e e e e e e e e .
Chord, percent wing chord
Root . . . .« ¢ v v v e e e s e e e e e e e e e e e e
1
Travel:
Dovn, deg . .« v & v ¢t e h e e e e e e e e

NACA 65A004 Mod

35

0
-2.5
k.o
0.50
21.3

61.7
84

70
2.1
163

Wing tip
375.41

™
Wing tip

10
10

20
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF A 1/24—SCALE

MODEL OF THE GRUMMAN F1li1¥F-1 ATRPLANE -~ Concluded

Flaps:
TYDPE & o o o o o o o o o o o o o« o o o o o o o o« o s o« « « » BSlotted
Span, £t . . . . . . . e e e e e e e e e e e 11.06
Leading edge, percent w1ng chord e e e e e e e e e e e 80
Trailing edge, percent wing chord . . . . . . . . . . « .. 100
Hinge line, percent wing chord . . . . . . . . . . « . « . . 83.3
Travel:
UP v v ot v e s s e e e e e e e e e e e e e e e e e e e e s 0
DOWIL « « v o o o o 4 o o o o o o o o o o & o o o o o o o %0
Fence:
Area, sq £t (total). Ce e e e e e e e e e e 5.128
Location, (from center of fuselage), in. .. ... e ... 5

Horizontal tail:
Airfoil section (parallel to fuselage center line):
ROOL . v & v v v ¢ ¢ v s v s ¢ s e s v v v o« o« . . NACA 65A006
TID 4 o 4 o 4 e e e e e e e e e e e 4 e e e e« « . . NACA 65A004

Area, 8@ Tt . v ¢ 4 v it b i i e e e e e e e e e e e e e 65.5
Span, ft . . . . e e e e e e e e e e e e e e . 15.17
Sweep at 25 percent chord deg e e e e e e e e e e e e e e 35
Aspect ratio . . . . .« .. e e e e e e e e e e e e e e 3.5
Taper ratio « ¢ v v i vt e e e e e e e e e e e e e e e e 0.4

Elevator (operative only when flaps are down):
Area, sg £t . . . . o o oo s e e e e s e e e e e e s 10.9
Hinge line, percent horizontal tall chord . . . . . . . .. 15
Travel, moves down only, deg (measured
from.plane of horizontal tall)

When horizontal tail is O° e e e e e e e e e e e e e e 1l
When horizontal tail is --8O e e e e e e e e e e e e e 6.5
When horizontal tail is -15° . . « v v 4 v 4 4 v e v . . . 19.3%
When horizontal tail is ~18° . . . . . . . . . . . . . .. 30

Vertical tail:
Area, total, sq £t (exposed) . . . .« « « + e v 4 0 . e . . 34k.8
Airfoil section:
ROOL v « v v v v 4 4 & ¢ 4 e« o« & = o « o « « v « « « . NACA 0006

TID & o o = o o o + = o 4 & 4 & e 4 « 4 e e v e e« . . . NACA 0006
Rudder:
Area, sg £t . . . . o L o 0 00 e e e e e e e e e e e e T7.27
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TABLE II.- MASS CHARACTERISTICS AWD INERTIA PARAMETERS FOR LOADINGS POSSIELE ON THE
GRUMYAN F11F-1 AIRPLANE AND FOR THE LOADING TESTED ON THE 1/24-SCALE MODEL
[Model values given are converted to full scale; moments of inertia are given about the center of grewity]
Center-of-gravity |Relative density, { Moments of inertia,
location n slug-ft2 Mass parameters
Yo. Loading yelgnt,
- Sea T '.\’.x--IY IY'IZ I, - Iy
x/e 2/8  |1owey | 25,000 2% | Ix Ly 2 — — —
Airplane values
Catapult 19,500 |0.2568 | 0.0373 |32.21 70.95  |11,003 | 36,007 | 45,085 | -4k x 107* | <148 x 107% | 562 x 2074
Flight (normal c.g.) | 16,500 | 0.2432 0.0%21 {27.26 60.86 6,240 | 34,80k | 39,335 | -559 87 646
Flight
(most forward c.g.) | 16,500 | 0.2k01 0.0325 |27.26 60.86 6,239 | 34,887 | 39,327 | ~559 -87 646
Flight
(most aft c.g.) 16,500 | 0.2901 0.0328 127.26 60.86 6,251 | 34,862 | 39,341 | -558 -87 65
Landing 14,100 |} 0.2400 0.041k 123.29 52.01 6,066 [30,911 | 35,407 | 567 -103 670
Model values
ol i R 1,311 |0.256 | 0.03718 |23.62 | 52.73 | 6,467 31,525 36,708 | -571 x 107* | 121 x 107* | 692 x 107*
2 |tepding loading ||y oe |0.299 | 0.0261 |25.60 | 52.69 | 6,573 31,477 35,55 | 566 <1 657

02HCETIS WY VOVN
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E.anding-gross-weight loading with center of gravity at 29.9 percent mean aerodynsmic
chord; rudder fixed full with the spin and recovery attempted by opening the para-
chute alone; model values converted to corresponding full-scale valueg;]

TABLE IIT.- SPIN-RECOVERY PARACHUTE DATA OBTAINED WITH A

1/24-SCALE MODEL OF THE GRUMMAN FLl1F-1 AIRFLANE

Parachute Drag Towline Horizontal
Flaperons v o Q
diameter coefficient length 4 tail 2 2 2 Turns fo. o
PRl Cp ’ ;‘% ’ deg dew ’ ft/sec deg rev/sec T recovery
(a) (v)
Right erect spin )
.50 .6 18 6 29 . 3.1, 1%, 2L
9 0.505 31 o] up 23 81 0.2% b 1.2, 22, 4
10 0.585 31.6 0 18 up 236 29 0.24 L2 3,%,1,1L4 2
81 2’ 2
1 0.650 31.6 0 18 up 236 3‘{ 0.24 —;-, % 1, 1,1, 1%, 2
12 0.650 31.6 0 18 up 236 g{ 0.2k 4, %4, 4, clé—, c%
Inverted spins to pilot's right
Right 0 a 56 I |
10 0.585 31.6 Lot 55 5 up 257 P 0.24 >k, >3k
Right O a 56 el €1 e, e,
11 0.650 3.6 LeTt 55 5 up 257 8 0.24 1-2-, 1-5, 2, QE

BFla.t-type parachute, laid-out-flat diameter given.
bBaaed on laid-out-flat diameter.
Cparachute Jerked model inverted.
dCcnrn:rol deflections are with respect to the ground.
CAfter recovery the flgperons cause the model to roll in a asteep dive.

9T
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CHART 1 .~-SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL

[Recovery ottempied by full rudder reversol unless otherwise nofed(recovery attempted
from, and steady-spin data presented for, rudder-full.with spins)]

Airplane Attitude Direction Loading (see table_II) Ho. 1
FLIF-1 Erect Right
Slafs Flaps Center-of-gravity position l Altitude
Closed Up 25.6 percent 25,000 f£t.
Model values converted fo full scale U-inner wingup  D—inner wing down
a,b. a,b [:] 3,b
s8] 35U S5 | 3k 56 | 31U
82| LoD 79| 38D 83 ] 15D
290 0,2 o 257 1 0.2 Ho No 270 {0,
5 SPIN 57 7 SPIN SPIN 10 0.5
o d d £ d
3, 07, 2 b 13 72 oo
4
EZ
452
B
s
il
]
o
e e =}
Flapsrons Flaperons
full against
(Stick left) {Stick right)
NO SPI NO SPIN NO SPIN
:1 o~~~
2%
385
4‘; W4
Edls
g e
e e [ e
[+
{deg) | (deg)
HO sPo KO SPIV v 2 N0 SPI
(tps){ (rps)
Turns for
NACALazzev - 11-12.54 ~ 325 recovery e

%9zeillatory in roll and yav, range of values given.

PSpins only for skort duration (approximate 10 to 15 turns) before
occillates out of the spin.

Cafter recovery starts rotating in opposite direction.
dE!all.s rapidly awvout X-axis after recovery.

Caseillates cut of the spin and may roll very rapidly atout the
X-axis.

fRecovers in a dive.
lI‘fie\':twénr,\,' atterpred by simaltaneously deflecting the rudder to

full against the spin and the horizontal tail to full down
(stick forward).

BRecovers in an inverted glide.

Wisus) estizate.

JArter recovery, appears to start into an iaverted spin.

ERolls into en inverted glide and then rolls rapidly awout X-axis
Yznters an erect giide.

Byandering spin.

TRecovery atterpted by neutralizing the rudder.

ORecoveries stterpted by deflecting the rudder to only 2/3 against

the spin. [
T et RN el Ful Banl'
AR RO !_..n..j
ONUL Aozt
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CHART 2 ~SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL

[Recovery attempled by full rudder reversal unless otherwise noted(recovery attempted

from, and steady-spin dota presented for, rudder-full-with spins)]

Airplane Attitude Direction Loading (see table II) Ho. 2
F11F-1 Eract Right
Slots Flaps Center-of-gravity Altitude
Closed Up 29.9 percent 25,000 ft.
Model values converted to full scale U-inner wingup  D—inner wing down
g, a i a
k2{ 370 59 | 20u 61 | 30U
88 25D 81| 32 82 | 23p
No
243 | 0.23 236 |0.2h 236 }0.23
SPIN
1 1
2,3, 3% 13, >3 3, 9,>%
g,lllg,}llg i 8 8 81518
3%, 355b ¢, 3, 2,25
= =
i
i ada I
LEEE
a,b e ab_ |2 e a,b
62 | 51 56| 63U 63 | 399
85 | L 881 6p 85 | 510
Flaperons
o
23 .29 I 213 | 0,28 —————):’f‘lu mith e 213 |0.29
SPIN P (Stack right] | sppy .
h h
1
l 1, 7-;'- ﬁ’ 1, ZE 1, 3, 5
=l
Flaperons full againgt & |@
(Stick eft) - H
E k-1 1]
g%
R e
5 12
<
e 8 e
N0 {SPDN NO [sPIN a f RO |SPIN
{deq) | {deq)
\ Q
{ps) [ trps)
Turns for
NACALa: oy « 11-12-84 - 325 recovery &

90geillatory in roll and yaw, range of values given.

bSpins only for short duratfion (approximate 10 to 15 turus) before
o3cillates out of the spin.

CAfter recovery starts rotating in opposite direction.
dRole rapidly acout X-axis after recovery.

©0scillates out of the apin and may roll very rapidly about the
X-axis.

fRecovers sn & dive.
chcovcxy atterpted vy simultaneously deflecting the rudder to

full against the spin and the horizontal tail to fwll down
{stick forward).

BRecovers in an faverted glide,

1visual estizate.

Jm‘ter reoovery, appears to start into an inverted spin.

¥Rolls into on inverted glide and then rolls rapidly acout X-axis
lpaters on erect glide.

Dysndering spin.

TRecovery atterpted by neutralizing the rudder.

CRecoveries astterpted by deflecting the rudder to only 2/3 agafust

UNCLASSIFIED
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CHART 3 .~-SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL

[Recovery attempted by full rudder reversal unless otherwise noted(recovery ottempted
from, and steady-spin data presented for, rudder- full-with spins)]

Airplane | Attitude | Direction Loading (see table_II) No. 2
% To pilot's
F11F-1 Inverted right
Slats Flaps Center-of-gravity position Altitude
Cloged Up 29.9 percent 25,000 £t.
Model values converted to full scale U-inner wingup  D—inner wing down
k 1 b,m — a,m
E: 3 56 | 168
el [ [31]
al 3
10 sl 8
s;m | 357 oot 257 |o.2k
d = 1 R h &
NO SPIN i 131 4 1
PR 2 2’ %’ %
n,e n n
%, % 2, >3
9 ; - 262 30
g, o "é TN e | Flaperons
G 9 1 1 1
-y = = =
gga E;,'?‘ Fid 3 3 deflected
1 m a
g6 | 150
69 8D
Controls togsther 257 Controls crossed 263 | 0.28
(Stick right) (Stick left)
—h
1 1 1 1
NO SPTH » b 1, ].E
Q ] [ ] o
1 1
i, 1, 1 >z, 6
n n
3 Up %
» g —
L 3E
1 §§ L 1
B
O
=
2 &
(deg) | {deg)
v 1)
NO SPIN o SPIH (fps) | (rps) NO SPIN
Turns for
NACA-Lagdey = 1-12-34 - 328 recovery @s

¥o5ci11atory in roll and yav, range of values glven.

PSpins only for short duration (spproximate 10 to 15 turns) before
osefllates out of the spin.

CAfter recovery starts rotating in opposite direction.
dRous rapldly avout X-axis after recovery.
“0scillates out of the Spin and may roll very rapidly atout the

X-axis.
fRecovers 1n a dive.
8Re«:ow:r_\r d vy sicud ly deflecting the rudder to

full agaimt the spin and the horizontal tail to full down
{stick forward).

BRecovers in an inverted glide.

1visual esticate.

JA!ter recovery, appears to start into an inverted spin.

kRolls into an inverted glide and then rolls rapidly avout ¥-awis
Ygnters an ereet glide.

“Randering spin.

Brecovery atterpted by neutralizing the rudder.

ORecoveries atterpted by deflecting the ruddar to only 2/3 spainst

UNCLASSIFIED
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Floperon hinge

70 chord
T.E. Floperon
84 chord

\\ \ 75 chord §

.25 chord 1238

Trimmer
- _ —
T 776
2.635
i —
0125
chord ! |
/ . ! ! K
Slat T.E. .10 chord— £35. L.E.Extension
N i -, H ’ /
.25 chord™ ! /‘/2.753
‘ b
f §‘/
0242 \
R chord
H— 3.513
7.583
v
- 15812
1
|
1

5.000
3708

Rudder hinge 75 chord——

/ﬁg@e —4375—]
(SR == h—. = 3 I}

1125
ey ane -

{ %
/ Horizonta! tail

pivot point
/ prer——— —— 1322 6.522
~—Fuselage reference line -

Figure 1.~ Three-view drawing of the 1/2k-scale model of the Grumman
Fl1F-1 airplane as tested in -the Langley 20-foot free-spinning tunnel.
Dimensions are model values in inches. Center-of-gravity position
shown is 24 percent mean aerodynamic chord.
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Figure 2.~ Photograph of the Grumman F11F-1l airplane model as tested in
the Langley 20-foot free-spinning tunnel.

L-84789

0CDGGIS W VOV



J * g
UNCLASSFED -
NACA RM SL55G20 SN

Hinge line

[Fuseloge reference line

Retracted position shown

F.S. 1.6}
J—
*J:F"’" —
=
)
S
F.S. O F -_—i
l 8.23" >

Extended position shown

Figure 3.- Sketch showing position of canards tested on a l/24-scale
model of the Grumman FlliF-1 girplane. Area of canard shown is
2.19 percent of wing area. Dimensions are model values.
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